Ongoing efforts to improve clinical trial design in irritable bowel syndrome have been hindered by high placebo response rates and ineffective outcome measures. We assessed established strategies to minimize placebo effect as well as the various approaches to placebo effect which can affect trial design. These include genetic markers such as catechol-O-methyltransferase, opioidergic and dopaminergic neurobiologic theory, pre-cebo effect centered on expectancy theory, and side effect unblinding grounded on conditioning theory. We reviewed endpoints used in the study of IBS over the past decade including adequate relief and subjective global relief, emphasizing their weaknesses in fully evaluating the IBS condition, specifically their motility effects based on functional net value and relative benefit-harm based on dropouts due to adverse events. The focus of this review is to highlight ongoing efforts to improve clinical trial design which can lead to better outcomes in a real-world setting. 
Introduction
Irritable bowel syndrome (IBS) is a non-lethal condition which affects a substantial proportion of the population. Based on the poor understanding of the pathophysiology of IBS, there is a significant unmet need for treatments. However, treatment in IBS is complicated by a number of factors, most importantly the poor and subjective outcome measures which are associated with a high placebo response rate in clinical trials. This culminates in the need for a large number of subjects in IBS trials to achieve significance. While subjective outcome measures are one aspect of the placebo effect, there are many factors that lead placebo effects in IBS. In this review, we discuss pertinent issues to the placebo effect and trial design in IBS.
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Table. Traditional Methods of Reducing Placebo Effect in Clinical Trials
Run-in phase preceding randomization to identify high placebo response Comparative assessment of baseline depression and anxiety with a validated scale Lower frequency of intervention Optimizing and standardizing patient-physician relationships not appreciably different than that found in influential studies of post-operative placebo analgesia conducted over 60 years ago. 4 While direct clinical application of inert placebo remains in question, 5 this high raw result warrants further study due to its implications on an effective evaluation of drug efficacy in IBS. 6 At a basic level, placebo response can be modified by color, size and preparation of pill. 7 In this sense, the portion of response attributable to this inert (and thus non-specific) therapy can be called a "placebo effect." Nonetheless, delineating the boundaries of this definition remain difficult, as the scope of research expands beyond the inert pill (the comparator) toward an exploration into the meaning and effects of therapy in general. 8 Regardless of its definition and scope, placebo effect does not influence the placebo response rate alone. The natural history of disease can influence placebo response separate from placebo effect, and irritable bowel syndrome is characterized by a fluctuating course. For example, 58% of patients with post-infectious IBS entered complete remission within six years of onset in one cohort study, 9 and only 39% of patients met Rome III criteria 10 years after an initial diagnosis of IBS by Rome III criteria in a large ten-year longitudinal trial. 10 Another effect known as the regression of symptoms toward mean severity is represented by an initial extreme measurement of IBS symptoms which corresponds with a second measurement of symptoms closer to the mean. Studies often wish to enroll the sicker patient to see a greater response. The problem in IBS is that some weeks are worse than others. If the study selects patients in the worst week of their month, they almost predestined to improve. This difference is reported in therapeutic response and unintentionally mistaken for efficacy. 11 Adding a third no-treatment arm to clinical trials has been suggested to correct for these influences and elicit the true placebo effect from the overall placebo response rate. In cases where this would be unfeasible, conducting two baseline sequential evaluations of disease severity could track the magnitude of regression to the mean. A multitude of unknown confounding factors in determining placebo response limit the generalizability of results. A recent meta-analysis of clinical trials including cross-over studies in IBS revealed that placebo response was higher in European trials than in US trials of pharmacologic therapies. 3 Interestingly, there was no statistically significant difference when comparing trials conducted in secondary or tertiary care settings or with a single-or multi-center design. These data suggest the potential for a cultural influence on placebo effect, though what this is remains unknown and probably complex. For example, German studies of sham acupuncture revealed a correlation with expectation of benefit while a well-known US trial did not. 12 Further efforts are needed to rectify conflicting results among the many individual trials.
Current M ethods of Reducing Placebo Response
One strategy to reduce high placebo response is to predict and directly attempt to control the placebo response of patients entering clinical trials. A run-in phase is typically employed to weed out high-responders to placebo, with longer run-in phases associated with lower placebo response. 13, 14 However, the validity of employing run-in phases is not always clear as results may not provide meaningful real-world conclusions. 15 Assessment of emotional state prior to study appears to be important in studies of IBS. This effect appears to be bidirectional, as higher anxiety states may contribute to reduced placebo response 16 and lower anxiety states raise placebo response. 17 Frequency of intervention correlates inversely with higher global improvement scores, thus therapies administered once daily rather than 2 or 3 times may reduce placebo response. 14 Finally, clinicians who frequently assess patients and are more caring in their interactions may elicit a higher placebo response. 18, 19 While all of these strategies can reduce placebo response ( Table) , the concept of limiting physician-patient interaction and prescribing low frequency therapy which is suboptimal based on pharmacokinetics might not be appropriate in a real-world setting.
Neurobiological Approaches to M anaging Placebo Effect
A number of neurobiologic theories of placebo effect have been explored. Support for an opioidergic pathway derives from a large body of literature reporting evidence of reversal of placebo analgesia with an opioid antagonist. 20 This has been shown in a recent operant rat model based on conditioning of a placebo response 21 and human studies. 22 Based on functional MRI, areas of the central nervous system have been identified which appear to be involved in placebo analgesia in response to rectal distention. 23 However, a separate study identified differences in regional brain activity based on functional imaging of patients receiving either saline placebo or opioid, suggesting the presence of a non-opioid pathway in placebo analgesia. 24 While many studies have been carried out in an IBS population, evidence supporting this pathway is generally based on the study of placebo analgesia.
Whether this pathway plays a significant role in the IBS placebo response was controversial in one small study in which naloxone did not blunt Likert-based ratings of placebo analgesia of an IBS cohort which underwent rectal distention.
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A second potential and possibly concurrent pathway is based on placebo-mediated endogenous dopamine release which is degraded by catechol-O-methyltransferase. 26 Recent efforts have identified the catechol-O-methyltransferase Val158Met polymorphism as a predictor of placebo response based on increased degradation of the variant protein. 27 This study found a statistically significant reduction in "active" placebo response which was not seen among no-treatment ("wait-list") controls. This demonstrated a placebo-specific response. A clear advantage of this strategy is that it does not require major changes in trial design and can therefore lead to near-term improvement in reducing placebo effect.
Psychological Approaches to M anaging Placebo Effect
A number of psychological theories to explain placebo effect have been put forth, including expectation of improvement, conditioning of response based on prior consistent therapy with an active modality followed by replacement of the active therapy with placebo, 28 and emotional state. Expectancy theory involves a sense of achieving forthcoming improvement which precedes the initiation of therapy in the clinical trial. Conditioning theory is based on the unconditioned sense of improvement becoming conditioned with the application of (conditioned) effective drug therapy which can then be replaced by placebo. The relative contribution of these theories remains somewhat controversial though not mutually exclusive. 29 Similarity between successfully conditioned response and expectancy has been identified and validated using functional MRI which reveals similar brain activity. 30 
Expectancy and the Pre-cebo Effect
The majority of studies have focused on expectation of improvement which can be affected by patient recruitment and communication prior to study initiation given that patients have generally never previously received the experimental therapy. 31 The magnitude of the expectancy effect was apparent in a withdrawal study in which patients were injected with analgesia either in plain view or without the patient's knowledge in a cohort of healthy patients with experimentally induced pain and a second cohort of post-operative patients. In this evaluation, hidden injection resulted in significantly less pain relief in both experiments. 32 This is also supported by meta-analyses revealing that placebo response rates are higher in trials of placebo analgesia (with placebo as an "active" therapy) compared to lower placebo response rates in placebo-controlled drug trials. 33 Expectancy does not appear to be an "on-off" phenomenon. It may instead influence placebo response in a bidirectional manner and therefore contribute to nocebo response, or expected worsening leading to poor endpoint response. Based on an opioidergic mechanism, pain tolerance was blunted in one study when patients were deceptively informed that they were receiving placebo. 34 The same authors conducted an evaluation of similar design to evaluate a dopaminergic mechanism in which Parkinson disease patients underwent a neurosurgical procedure to stimulate the subthalamic nuclei. Motor performance decreased in patients who were deceptively informed that this device had been "turned off." While the ethics of untrue statements to patients limits general application of these principles, expectancy may still develop among subjects without intervention. Kotsis et al 35 conducted a study in which healthy patients were deceptively informed that they had a 50% chance of receiving analgesia when all patients actually received normal saline. Despite the application of the same therapy in all patients, those who believed they were receiving analgesia had significantly lower pain scores when induced by rectal balloon than subjects who believed they were receiving placebo. 35 The results of these experimental models based on placebo analgesia have correlated with analogous experiments in an IBS population. In one study comparing IBS and healthy cohorts, the authors either informed patients that they would receive a novel analgesic therapy with rapid onset and short duration, or that they would receive saline, prior to rectal distention. Placebo analgesia was similar between placebo and control as well as IBS and healthy populations. 16 These effects do not account for the entirety of placebo response. In a recent trial of open-label "inert" placebo against a no-treatment arm in IBS patients, patients obtained statistically significant benefit on placebo therapy. 36 Despite these findings, reproducibility of placebo analgesia results in IBS appears limited by familiarity with study methodology based on decreasing subsequent unpleasant sensation of rectal distention in a trial of IBS and healthy controls over 12 months. 37 Our group recently published a study revealing a significant contribution of expectancy toward placebo effect and subsequent trial results in IBS. 38 This finding was based on the influence of pre-study communication which can be defined as the pre-cebo effect. With the lack of a gold standard for the design of informed consent forms, specific wording can affect study results with a varying degree of bias due to pre-conceived notions of efficacy of the various drug classes. 39 Patients were randomized to one of three questionnaires based on language from actual consent forms used in trials of desipramine, alosetron and rifaximin to explain the study protocol (including dosing frequency and treatment length), how the drug worked, and potential effect of the drug on IBS which justified the purpose of the trial. Patients were then asked the percentage of improvement they would have to attain to say that they achieved "adequate relief of symptoms." Patients reading the consent language for desipramine and alosetron reported that they would have to attain 73% (P ＜ 0.01 against rifaximin results by one-way ANOVA) and 76% (P = 0.049 against rifaximin results) improvement, respectively, compared to 87% improvement on rifaximin. In contrast to antidepressant therapy, we postulate that the idea of an antibiotic only somewhat relieving an illness does not correlate with the public's view of their curative nature. 40 One weakness of this initial study was that patients were informed that this was a mock trial and there would be no therapy. A prospective trial evaluating various consent language followed by deceptive therapy with the same investigational agent could confirm these results.
Conditioning and the Unblinding of Side Effects
Traditional Pavlovian conditioning of a placebo response occurs after drug response is initially achieved and similar therapy −active or not−is continued. This was shown using a modified model of expectancy in which pain was induced using a tourniquet with subsequent administration of either opioid or saline. Study subjects were then conditioned with ketorolac until the final day, upon which all patients received saline instead of ketorolac to measure the conditioned response. Those conditioned with ketorolac only showed partial reversal with subsequent naloxone therapy, suggesting a conditioned response. 41 Despite the seemingly subconscious nature of this theory, conditioning may not occur after replacing active therapy with placebo if baseline disease severity approximates conditioned disease severity. Therefore, conditioning may be a learned response requiring a consciously palpable subjective improvement in disease presentation. 42 Given the need for initial improvement which can propagate a conditioned response, it is reasonable that a conditioned response could also endure with continued active drug therapy. The extensive side effect profiles of some IBS treatment modalities may lead to spontaneous unblinding to active therapy in clinical trials, which may in turn impact trial outcome. We recently evaluated the known side effect profiles of therapies for IBS which received at least a Grade 1b rating from the American College of Gastroenterology (ACG) Task Force using chi-square analysis to evaluate the correlation between incidence of adverse events (on active therapy relative to placebo) and efficacy based on traditional subjective endpoints. 43 Interestingly, we found that higher adverse event incidence on active therapy was associated with more beneficial patient-reported outcome in IBS clinical trials. 44 This suggests a positive conditioning effect which we attribute to a higher sense of "potency."
The Elusive Endpoint
The aforementioned strategies can reduce placebo response rates directly, but whether drug response rates are concurrently affected remains uncertain but probable. Rather than focusing on optimizing placebo, the majority of energy has been focused on improving outcome measures in IBS. For years, the traditional endpoint in IBS was adequate relief of abdominal pain and discomfort. 45 Slightly different endpoints of adequate relief of global symptoms or a Likert-scale measuring subjective global relief were subsequently developed and used in many initially successful IBS drug trials. 46 These endpoints were in line with recommendations from the Rome III committee toward the use of binary primary endpoints based on patient-reported measures. 47 
Patient-reported Outcomes
Patient-reported outcomes have remained prevalent in IBS trials 48 based on physician-based outcomes showing only weak to moderate (though statistically significant) correlation with patient-reported outcomes in functional gastrointestinal disease. 49 One study highlighted the paradoxical inverse relationship be-tween binary satisfactory relief and baseline symptom severity. 50 This later proved controversial, as exclusion of patients with baseline relief appeared to alleviate this concern. 51 Regardless, the binary patient-reported assessments of adequate and subjective relief remain validated against psychometric properties.
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Given the breadth of symptoms listed in consensus-based clinical criteria for IBS, 47 a major concern with patient-reported outcomes is the high placebo response rate which may be correlated with placebo analgesic effects. A recent evaluation of patient-reported outcomes in asthma revealed similar findings which were compared against objective and well-validated measurements of forced expiratory volume in 1 second (FEV1). 53 Patients were administered albuterol, sham acupuncture, or no intervention and asked to rate their improvement as well as undergo measurement of FEV1. While there was significant improvement on albuterol based on FEV1 measurement, there was no benefit to albuterol with a self-reported endpoint which highlights the ongoing need for objective data to conduct similar to IBS validation trials.
Concerns With Existing Binary Patient-based Endpoints
Two of the most positive characteristics of binary subjective patient endpoints are that these endpoints strictly evaluate whether a therapy is "working" and also account for differences in culture and values. Within this construct, there is unfortunately no built-in method with which to weigh a positive outcome with an undesirable one. Therefore this assessment of a complex mix of complaints and sensations summed into a single response may be inadequate. Therapies which are poorly tolerated or which cause relatively frequent significant adverse events may still lead to significant adequate relief of IBS relative to placebo. Famously, adequate relief of global IBS symptoms was used to evaluate alosetron which later was withdrawn due to constipation as an adverse event presumably leading to ischemic colitis. 54, 55 One method to account for the overall harm of therapy is "dropouts due to adverse events," implying that a patient (or physician as the patient's agent) sees greater definite harm with continuing therapy than returning to baseline IBS severity even in light of potential drug benefits. This measure also accounts for differing culture and values in that the patient must weight benefit and risk. We conducted a meta-analysis 56 evaluating IBS therapies which received at least a Grade 1b from the ACG Task Force for IBS primary endpoints 43 for dropouts due to adverse events. For diarrhea-predominant IBS (IBS-D), antidepressant and alosetron therapy led to one dropout due to adverse events for only every 2.3 and 2.6 patients benefiting from therapy, respectively. In contrast, for every 846 patients benefiting from rifaximin therapy, only one patient dropped out due to adverse events and this was not statistically significant. This was in contrast to rifaximin having the lowest reported number needed to treat in the literature based on patient-reported binary endpoints. For constipation-predominant IBS (IBS-C), lubiprostone appeared safe and there were not enough data to evaluate selective serotonin reuptake inhibitors. These data suggest the importance of a harm evaluation concurrently with an efficacy evaluation in IBS and point to the continued inadequacies of existing outcome measures.
Recent Updates in Outcome Design
In response to concerns with binary patient-based outcomes, the Food and Drug Administration (FDA) released 2 endpoints for IBS based on the underlying motility complaint rather than a single endpoint encompassing IBS in general. These most recent endpoints incorporated an objective measure of stool frequency into the binary outcome of abdominal pain and discomfort. The European Medicines Agency (EMA) recommended co-endpoints of global improvement and specific improvement in abdominal discomfort or pain which can still identify similar percentages of responders compared to subtype-based FDA endpoints. 48 Despite controversy surrounding therapies which are aimed at IBS in general regardless of subtype, the EMA is considering development of separate endpoints based on the underlying motility complaint. 57 The modified FDA endpoint for IBS-C was implemented in two phase III trials published last year which supported the use of linaclotide in treating IBS, a secretagogue therapy which accelerates gut motility. [58] [59] [60] This new endpoint incorporates a binary measure of complete spontaneous bowel movements which still does not evaluate whether a patient decides that this increase in bowel movements is an adverse event. Based on data from the linaclotide trials, this IBS-C endpoint was validated against patient rating-of-change questions asked concurrently with the drug trials. 61 Despite this, more patients on therapy suffered diarrhea as an adverse event than they did improve based on the new endpoint. In an update to our previously described meta-analysis of harm, linaclotide only benefited 2.6 patients for every patient dropping out due to adverse events based on recently modified endpoints and mostly due to diarrhea. Current IBS endpoints appear to insufficiently evaluate overall change in motility. Our group recently conducted an analysis of intervention group relative to placebo in which we compared the proportion of patients meeting endpoint to the proportion suffering the motility side effect opposite their underlying complaint. 62 For example, is it desirable to take a patient with IBS-D and make them constipated? By incorporating this measure of motility into the standard subjective endpoint analysis of efficacy, "functional net value" was determined to represent the net percentage of patients achieving remission of disease rather than a swing of the pendulum to the opposite motility event. Rifaximin, a non-absorbable antibiotic still under evaluation for treating IBS-D, did not cause constipation in eligible clinical trials. Alosetron, now restricted to women with severe refractory IBS-D, 63 was found to have a large negative functional net value despite its meeting subjective primary endpoints in clinical trials. However, linaclotide led to the opposite motility complaint more frequently than did alosetron. A measure such as functional net value suggests that a motility-based endpoint may be better suited for a disease characterized by motility complaints.
Conclusions
In sum, IBS is characterized by abdominal pain and discomfort but also by deranged motility which is not well measured in clinical trials. Placebo therapy can alter subjective outcome measures and confound results, but novel methods have been described which could help minimize the placebo effect in clinical trials. Outcomes of trials in the past decade did not predict the fate of some therapies which reached market. However, strong efforts are being made to improve clinical trial design in IBS that should lead to improved and more accurate evaluations of therapy.
